





NASA's next trip to Mars is with
the Mars 2020 mission and its rover,
dubbed Perseverance.

Perseverance is an advancement
on the capabilities of Curiosity,
with upgraded hardware and
new instruments.

Scientists will use
data gathered

by the rover at

its landing site in
Jezero crater fo
study the potential
habitability of past
environments.

Perseverance is

also the first rover
designed to seek
possible signs of past
Martian life.

For astrobiologists, the answers to
questions about Mars' habitability
are in Perseverance's ‘hands.'

The rover will extend its arm and use the
SHERLOC* instrument in tandem with
the WATSON** camera to map minerals
and organic molecules in detail.

Organic molecules R ...but, clumps of

are the carbon-based building organics on certain parts
blocks of life, but they are not of a rock could indicate

necessarily made by biology... life was once present.

*Scanning Habitable Environments
with Raman & Luminescence for
Organics & Chemicals (SHERLOC)

** Wide Angle Topographic Sensor for
Operations and eNgineering (WATSON)

The Sample Caching
System drills into Mars
rock to collect samples.

Mitch Schulte (NASA HQ),
Mars 2020 Program Scientist.

The arm then ftransfers
samples to a 'bit carousel’
in the rover's body.

Finally, samples are passed to
the Sample Handling Arm in
the rover's belly and stored.

The samples are moved
through the rover's body

and photos are taken.

Then the samples are

sealed in the Sample
Caching System.
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The rover carries 43 sterile
sample tubes in total.




This is the most complicated
mechanism ever built and
tested for spaceflight.

Perseverance has a total of 23 cameras and
7 science instruments. These tools will be
used by many NASA scientists in addition to

astrobiologists.

The mission is also testing
technology that will pave the way
for future missions, including a
Mars Sample Return.

The rover will explore
Jezero crater, filling its
sample tubes with material
from interesting spots.

Perseverance will not study everything it
picks up. Some samples will remain sealed

and the rover will deposit a ‘cache’ of these
samples at a specific location...

A Mars Sample Return
could allow astrobiologists
on Earth to examine pieces
of present-day Mars up
close...

... making it easier for
a Mars Sample Return
mission o come and
collect them at a later
date.

...and perform many
experiments that are not
yet possible with robotic
explorers.




The mission is also testing new technology
like the lightweight Mars Helicopter - the
first powered flight on another planet.

We have been systematically
studying Mars for over 50 years, and
are now getting fo the point where we have the
technology to really study Mars from an
astrobiology perspective.

We've learned that Mars
was habitable in the past, and
we're how getting down to the
microorganisms’ level o see if
there are traces that the planet
had life in its past.

With a sample return, we could
perform definitive studies by looking at
aspects of samples that today's missions
can't, like carbon isotope signatures and
detailed organic matter searches.

With each new mission, Mars
continues to be a major target
for astrobiology research.

...but for now, the planet is one
of the most important locations
beyond Earth for astrobiology.
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Astrobiology

A History of Exobiology and Astrobiology at NASA

Further Resources and References cited in this issue:

1.

9

The background on this page is an image of M72: A globular cluster of stars
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available at: http://news.bbc.co.uk/onthisday/hi/dates/stories/
december/14/ newsid_4061000/4061955.stm

Mariner 4 image, the first close-up image ever taken of Mars. The image is
centered at 370N, 1870W and is roughly 330 kilometers (km) by 1200 km.
The resolution is roughly 5 km and north is up. Available from the NASA image
archive at: http://nssdc.gsfc.nasa.gov/imgcat/htmi/object_page/m04_01d.html
Mariner 4 image, the first image to clearly show unambiguous craters on the
surface of Mars. The area is roughly 262 km by 310 km and shows the region
south of Amzazonis Planitia at 140S, 1740W. North is at roughly 11:00 in this
image. Credit: NASA

This image of Venus was actually acquired by Mariner 10 during its flyby of
the planet. Mariner 5 was built as a backup to the successful Mariner 4
mission, and its TV camera was removed when the craft was adapted for
travel to Venus. Instead of photographing Venus, Mariner 5 probed the
planet’s atmosphere with its suite of instruments. Credit: NASA/JPL

. The cratered surface of Mars taken by Mariner 6. Image Credit: NASA/JPL
Mariner 7 had its closest approach to Mars at a distance of 3,524 km on

July 31, 1969; after Mariner 6’s flyby. Image Credit: NASA/JPL

Mariner 9 view of the “labyrinth” at the western end of Vallis Marineris on
Mars. Linear graben, grooves, and crater chains dominate this region, along
with a number of flat-topped mesas. The image is roughly 400 km across,
centered at 60S, 1050W, at the edge of the Tharsis bulge. North is up.
(Mariner 9, MTVS 4187-45). Credit: NASA/JPL

. Mariner 9 image of the north polar cap of Mars. The image was taken on
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October 12, 1972, about one-half martian month after summer solstice. At
this time, the cap had reached its minimal extent. The cap is about 1000 km
across. The interior dark markings are frost-free, sun-facing slopes. A smooth-
layered sedimentary deposit underlies the cap. The image is centered at 890N,
2000W. (Mariner 9, MTVS 4297-47). Credit: NASA/JPL

Mariner 10 oblique view of Wren crater and surroundings on Mercury. Wren
crater is barely visible at the lower center of the image, containing a number
of craters within its 215 km diameter floor. Running along the right side of the
image is Antoniadi Dorsum. North is at 1:00. (Mariner 10, Atlas of Mercury,
Fig. 2-10) (edge of planet). Credit: NASA

Mariner 10 image of Brahms Crater, Mercury. This image of the 75 km
diameter crater was taken on the first flyby. Note the central peak. North

is up. (Mariner 10, Atlas of Mercury, Fig. 3-2). Credit: NASA

Other missions in the Soviet Mars series were unsuccessful, including

the lander attempt of Mars 7.

Horowitz, N.H. 1966. The Search for Extraterrestrial Life.

Science 151(3712), 789-792.

Dr. Thomas Mutch speaking to BBC News. Available at: http://news.bbc.
co.uk/onthisday/hi/dates/stories/july/20/newsid_2515000/2515447.stm

The first image transmitted by the Viking 1 Lander from the surface of Mars
on July 20, 1976. Credit: NASA Viking Image Archive

Post-Viking Biological Investigations of Mars. 1977. Committee on Planetary
Biology and Chemical Evolution, Space Science Board, Assembly of Math-
ematical and Physical Sciences, National Research Council.

Viking 1 Camera 1 Mosaic of Chryse Planitia.

Credit: NASA Viking Image Archive

Light Deposits Indicate Water Flowing on Mars. This figure shows MGS
images of the southeast wall of the unnamed crater in the Centauri Montes
region, as it appeared in August 1999, and later in September 2005. No
light-toned deposit was present in August 1999, but appeared by February
2004. Credit: NASA/JPL/Malin Space Science Systems

Astrobiology Magazine (www.astrobio.net), “Astrobiology Top 10: Water Flows
on Mars.” Available at: http://www.astrobio.net/index.php?option=com_
retrospection&task=detail&id=2200

Astrobiology Magazine (www.astrobio.net), “Five Year Retrospective: Mars
Pathfinder, Interview with Pathfinder Project Scientist, Matt Golombek.”
Available at: http://www.astrobio.net/interview/282/five-year-retrospective-
mars-pathfinder

A false-color mosaic focuses on one junction in Noctis Labyrinthus where
canyons meet to form a depression 4,000 meters (13,000 feet) deep. Dust
(blue tints) lies on the upper surfaces and rockier material (warmer colors) lies
below. The pictures used to create this mosaic image were taken from April
2003 to September 2005 by the Thermal Emission Imaging System instrument
on NASA’s Mars Odyssey orbiter. Credit: NASA/JPL-Caltech/ASU

Fans and ribbons of dark sand dunes creep across the floor of Bunge Crater
in response to winds blowing from the direction at the top of the picture. This
image was taken in January 2006 by the Thermal Emission Imaging System
(THEMIS) instrument on NASA’s Mars Odyssey orbiter. The pictured location
on Mars is 33.8 degrees south latitude, 311.4 degrees east longitude.

Credit: NASA/JPL-Caltech/ASU

This three-frame image shows a region in the southern highlands of Mars
where Mars Odyssey found evidence of chloride salt deposits. These depos-
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its could point to places where water was once abundant, then evaporated,
leaving the minerals behind. These images of the region were actually taken
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Beagle 2 Landing site in Isidis Planitia. MOC2-835a: Beagle 2 December 25,
2003, landing ellipse. Credit: Mars Global Surveyor Mars Orbital Camera Image.
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“Phoenix Lander after One Mars Year (ESP_017716_2485).”

Credit: NASA/JPL/ University of Arizona
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